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the upper hinge component to limit the pivotable movement
of the upper hinge component.

18 Claims, 13 Drawing Sheets
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SINGLE AXIS ANKLE-FOOT PROSTHESIS
WITH MECHANICALLY ADJUSTABLE
RANGE OF MOTION

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a U.S. National Phase Application of International

Application No. PCT/US2019/037223, filed Jun. 14, 2019,
which claims priority to and the benefit of the filing date of

U.S. Provisional Application No. 62/685,103, filed Jun. 14,

2018, the contents of which are incorporated herein by
reference in their entirety.

FIELD

The disclosed mvention relates to ankle prostheses and
more particularly, to ankle prostheses that provide an adjust-
able range of motion.

BACKGROUND

Prosthetic ankle-foot systems are primarily designed for
walking mobility. Conventional systems do not provide for
adjustable stability, which can be particularly desirable
during 1nitial rehabilitation phases after an amputation.

SUMMARY

Described herein, 1n various aspects, 1s an ankle prosthe-
s1s. The ankle prosthesis can include a base, an upper hinge
component, first and second biasing elements, and a {first
selectively extendable and retractable locking element. The
upper hinge component can be pivotably attached to the base
about an axis. The first biasing element can be configured to
bias the upper hinge component 1n a first rotational direction
and toward a neutral position. The second biasing element
can be configured to bias the upper hinge component 1n a
second rotational direction that 1s opposite the first rotational
direction and toward the neutral position. The first selec-
tively extendable and retractable locking element can be
selectively extendable (axially advanced) to a locking posi-
tion. The first selectively extendable locking element can
extend from one of the base and the upper hinge component.
When the upper hinge component 1s in the neutral position
and the first selectively extendable and retractable locking
clement 1s 1 the locking position, the first selectively
extendable and retractable locking element can engage the
other of the base and the upper hinge component.

In use, the first selectively extendable and retractable
locking element can be selectively retractable from the
locking position to disengage said other of the base and the
upper hinge component to permit movement of the upper
hinge component in the first rotational direction from the
neutral position.

Optionally, the ankle prosthesis can further comprise a
second selectively extendable and retractable locking ele-
ment that 1s selectively extendable to a locking position. The
second selectively extendable locking element can extend
from one of the base and the upper hinge component. When
the upper hinge component 1s in the neutral position and the
second selectively extendable and retractable locking ele-
ment 1s 1 the locking position, the second selectively
extendable and retractable locking element can engage the
other of the base and the upper hinge component.

In use, the second selectively extendable and retractable
locking element can be selectively retractable from the
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locking position to disengage said other of the base and the
upper hinge component to permit movement of the upper
hinge component 1n the second rotational direction from the
neutral position.

Additional advantages of the invention will be set forth 1n
part in the description that follows, and in part will be
obvious from the description, or may be learned by practice
of the mvention. The advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out 1n the appended claims. It 1s
to be understood that both the foregoing general description
and the following detailed description are exemplary and
explanatory only and are not restrictive of the invention, as
claimed.

DESCRIPTION OF THE DRAWINGS

These and other features of the preferred embodiments of
the mvention will become more apparent 1n the detailed
description 1n which reference 1s made to the appended
drawings wherein:

FIG. 1 1s cross sectional view ol an ankle prosthesis in

accordance with embodiments disclosed herein;
FIG. 2 1s an exploded view of the ankle prosthesis of FIG.
1

FIG. 3 1s a cross sectional view of another embodiment of
an ankle prosthesis 1n accordance with embodiments dis-
closed herein;

FIG. 4 1s a perspective view of yet another embodiment
of an ankle prosthesis in accordance with embodiments
disclosed herein;

FIG. 5 15 a cross sectional view of the ankle prosthesis of
FIG. 4;

FIG. 6 1s a partial cross sectional view of the ankle
prosthesis of FIG. 4, with an adjustment screw 1n a first
position;

FIG. 7 1s a partial cross sectional view of the ankle
prosthesis of FIG. 4, with the adjustment screw 1n a second
position;

FIG. 8 1s a side view of an adjustment wrench for use with
the ankle prosthesis of FIG. 5;

FIG. 9 1s a schematic of a portion of the ankle prosthesis
of FIG. 4 having an embodiment of a range indicator;

FIG. 10 1s a schematic of a portion of the ankle prosthesis
of FIG. 4 having another embodiment of a range indicator;

FIG. 11 1s a set screw for use with the ankle prosthesis of
FIG. 1;

FIG. 12 1s a top view of a portion of the ankle prosthesis
of FIG. 1 having still another embodiment of a range
indicator;

FIG. 13 1s a schematic of an embodiment of an electroni-
cally actuated ankle prosthesis 1n accordance with embodi-
ments disclosed herein; and

FIG. 14 1illustrates a block diagram of a system for
clectronically controlling the ankle prosthesis of FIG. 13.

DETAILED DESCRIPTION

The present mvention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which some, but not all embodiments of the invention, are
shown. Indeed, this invention may be embodied 1n many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will satisiy applicable legal
requirements. Like numbers refer to like elements through-
out. It 1s to be understood that this invention 1s not limited



US 11,712,351 B2

3

to the particular methodology and protocols described, as
such may vary. It 1s also to be understood that the termi-
nology used herein 1s for the purpose of describing particular
embodiments only, and 1s not intended to limit the scope of
the present imvention.

Many modifications and other embodiments of the inven-
tion set forth herein will come to mind to one skilled 1n the
art to which the invention pertains having the benefit of the
teachings presented in the foregoing description and the
associated drawings. Therefore, it 1s to be understood that
the mvention is not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
claims. Although specific terms are employed herein, they
are used 1n a generic and descriptive sense only and not for
purposes ol limitation.

As used herein the singular forms “a,” “an,” and *“‘the”
include plural referents unless the context clearly dictates
otherwise. For example, use of the term “a screw” can refer
to one or more of such screws, and so forth.

All technical and scientific terms used herein have the
same meaning as commonly understood to one of ordinary
skill 1n the art to which this invention belongs unless clearly
indicated otherwise.

As used herein, the terms “optional” or “optionally” mean
that the subsequently described event or circumstance may
or may not occur, and that the description includes instances
where said event or circumstance occurs and instances
where 1t does not.

As used herein, the term “at least one of” 1s intended to
be synonymous with “one or more of” For example, “at least
one of A, B and C” explicitly includes only A, only B, only
C, and combinations of each.

The word “or” as used herein means any one member of
a particular list and also includes any combination of mem-
bers of that list.

Ranges can be expressed herein as from “about” one
particular value, and/or to “about™ another particular value.
When such a range 1s expressed, another aspect includes
from the one particular value and/or to the other particular
value. Similarly, when values are expressed as approxima-
tions, by use of the antecedent “about,” 1t will be understood
that the particular value forms another aspect. It will be
turther understood that the endpoints of each of the ranges
are significant both in relation to the other endpoint, and
independently of the other endpoint. Optionally, 1n some
aspects, when values are approximated by use of the ante-
cedent “about,” it 1s contemplated that values within up to
15%, up to 10%, up to 3%, or up to 1% (above or below) of
the particularly stated value can be included within the scope
of those aspects. Similarly, in some aspects, when values or
characteristics are approximated by the use of the antecedent
“approximately,” “generally,” or *“‘substantially,” it 1s con-
templated that values within up to 15%, up to 10%, up to
5%, or up to 1% (above or below) of the particularly stated
value or characteristic can be included within the scope of
those aspects.

The following description supplies specific details in
order to provide a thorough understanding. Nevertheless, the
skilled artisan would understand that the apparatus, system,
and associated methods of using the apparatus can be
implemented and used without employing these specific
details. Indeed, the apparatus, system, and associated meth-
ods can be placed into practice by moditying the 1llustrated
apparatus, system, and associated methods and can be used
in conjunction with any other apparatus and techniques
conventionally used in the industry.
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Disclosed herein, 1n various aspects and with reference to
FIGS. 1 and 2, 1s an ankle prosthesis 100. The ankle
prosthesis 100 can Comprlse a footplate 102. The footplate
102 can have high stifiness. The footplate 102 can have high
stiflness, high strength, and low weight. Exemplary materi-
als for the footplate include metals (e.g., titanium), metal
alloys (e.g., titanium alloys), and composite materials as are
known 1n the art. The footplate 102 can have a contour that
1s configured to be received 1n a prosthetic foot shell (1.e., 1n
a receptacle defined within a prosthetic foot as 1s known 1n
the art. Following receipt of the footplate 102 within the
prosthetic foot, 1t 1s contemplated that outer surfaces of the
footplate 102 can engage or be coupled or secured to interior
surfaces of the prosthetic foot to securely position the
footplate within the prosthetic foot. A lower hinge compo-
nent 110 can attach to the footplate 102 via mounting
hardware (e.g., screws 104) to define at least a portion of a
base 101. In further embodiments (e.g., as shown 1n FIG. 3),
the lower hinge component 110 can attach to the footplate
102 via unitary construction (i.e., the lower hinge compo-
nent 110 and the footplate 102 can be formed as a single
(one-piece), monolithic component). Accordingly, the base
101 can comprise the lower hinge component 110 and
footplate 102 as a unitary body. An upper hinge component
112 can pivotably attach to the lower hinge component 110
about an axis 113 via a pivot pin 114 and journal bearings
115. A pair of spring-like viscoelastic rubber bumpers 116
can securely couple or attach to the lower hinge component,
one on each side of the pivot pin 114. A respective (e.g.,
lower) surface of the upper hinge component 112 can engage
cach of the bumpers 116 so that as the respective surface
compresses a respective bumper 116, the respective bumper
116 provides a reactionary spring force to bias the upper
hinge component 112 toward a neutral position. The neutral
position can be a position to which, under no outside force,
the upper hinge component 112 moves. In this way, the
bumpers 116 can store energy and provide resistance to
ankle prosthesis flexion. In some embodiments (e.g., FIG.
4), the anterior bumper 116 can be rounded to {it inside a foot
shell (1.e., a receptacle within a prosthetic foot). Optionally,
the bumpers 116 can receive, and be positioned on, pegs 117
that extend from the lower hinge component 110. In further
embodiments, springs or various other elastic components
can be used to bias the upper component 112 toward the
neutral position. A pyramid connector 130 can attach to the
upper hinge component 112 via screws 104. As known to
those skilled 1n the art, the pyramid connector 130 can have
an inverted pyramid portion (tapering 1n a downward direc-
tion) that 1s configured to engage four set screws. Said set
screws enable a therapist to adjust the rotational orientation
ol the prosthesis with respect to an appendage of a user (e.g.,
a subject or patient).

The ankle prosthesis 100 can comprise an adjustable
range limiting system 140. The adjustable range limiting
system 140 can include a first adjustment screw 142 and a
second adjustment screw 144. In some embodiments, the
first and second adjustment screws 142, 144 can comprise
set screws. Each of the first adjustment screw 142 and the
second adjustment screw 144 can travel 1 a respective
threaded hole 146 within the upper hinge component 112.
The position of each of the first and second adjustment
screws 142, 144 can be adjusted along a respective axis so
that a respective distal end can extend from the upper hinge
component 112 by a select distance. The distal end of each
screw can be positioned to engage a respective stop surface
150. As shown 1 FIG. 3, 1n some embodiments, the stop
surfaces 150 can be surfaces of a protrusion 151 extending
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from the base 101. As shown 1n FIGS. 1 and 2, in further
embodiments, the stop surfaces can be surfaces of a separate
stop surface component 152 that 1s attached to the footplate
102 via a screw 104 so that the stop surfaces 150 are
rotationally fixed to (i.e., cannot rotate with respect to) the
lower hinge component 110. Thus, the base 101 can further
comprise the stop surface component 152.

In this way, the first and second adjustment screws 142,
144 can be set at various positions so that the distal ends of
the screws engage respective stop surfaces 150 when the
upper and lower hinge components 110, 112 are disposed at
select angles with respect to each other. Accordingly, the first
and second adjustment screws 142, 144 can limait the pivotal
range of motion of the upper hinge component 112 with
respect to the lower hinge component 110 1n respective first
and second directions. For example, as shown 1n FIGS. 1
and 3, both of the first and second screws can be set in
respective locking positions (with the screws fully advanced
within the threaded holes) so that the ankle prosthesis 100 1s
locked and does not allow any pivotal movement between
the upper and lower hinge components 110, 112. The first
adjustment screw 142 can be retracted or backed away from
its locking position to disengage a stop surface and allow
varying degrees of dorsitlexion in the ankle prosthesis 100.
Similarly, the second adjustment screw 144 can be retracted
or loosened from 1ts locking position to disengage a stop
surface and allow varying degrees of plantar flexion 1n the
ankle prosthesis 100. For example, FIG. 6 illustrates the
second set screw 144 1in a position allowing for partial
plantar flexion. FIG. 7 illustrates the second set screw 144 in
a tully open position that allows for a maximum plantar
flexion range of mobility. That 1s, during flexion, the stop
surface 150 can engage a lower surface 154 of the upper
hinge component 112 instead of the second set screw 144,
with the engagement between the stop surface and the lower
surtace of the upper hinge component defining a limit on the
range of motion of the upper hinge component. As shown,
the first and second adjustment screws 142, 144 can be
disposed on opposite sides of a vertical plane 168 that
includes the axis 113. In some embodiments, the maximum
range of motion for plantar flexion can be fifteen degrees
from the neutral position in the first direction, and the
maximum range of motion for the dorsiflexion can be fifteen
degrees from the neutral position in the second direction. In
various Turther embodiments, the maximum range ol motion
in each of the first and second directions can be twenty
degrees, or twenty five degrees, or more. These ranges of
motion can be particularly desirable 1n situations where 1t 1s
necessary to challenge a user (e.g., a patient). During normal
walking, people typically use about ten to fifteen degrees of
plantar flexion and eight to twelve degrees of dorsitlexion.
Accordingly, 1t 1s contemplated that the set range of motion
in the dorsiflexion direction can be different from the set
range of motion 1n the plantar flexion direction. For
example, the range of motion can be set to ten degrees of
plantar tlexion and eight degrees of dorsiflexion.

Exemplary configurations of the first and second direc-
tions are depicted 1n the figures. However, it 1s contemplated
that, depending on the specific structure of the described
ankle prostheses, the depicted first and second directions can
be mverted (with the first direction corresponding to second
direction as depicted, and the second direction correspond-
ing to the first direction as depicted).

It should be understood that positions of the first and
second adjustment screws 142, 144 are not limited to holes
within the upper hinge component 112. For example, in
turther embodiments, the first and second adjustment screws
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142, 144 can extend from the lower hinge component 110
and selectively engage or disengage stop surfaces of the
upper hinge component 112 to control the permaitted range of
motion of the upper hinge component.

Referring to FIG. 13, 1n a further embodiment, the adjust-
able range limiting system 140 can be electronically con-
trolled. The lower hinge component can have receiver
surfaces 160 (one shown) that are pivotable about the axis
113 and are configured to engage lower surfaces of the upper
hinge component 112 (FIG. 1) after a select relative pivotal
rotation. A pair ol non-backdrivable linear actuators 164,
166 can be disposed 1n the lower hinge component 110. The
linear actuators 164, 166 can independently position respec-
tive recerver surfaces 160 to engage the lower surfaces of the
upper hinge component 112 at select pivotal angles (for
example, within the ranges described herein), thereby lim-
iting the pivotal movement of the upper hinge component
112 and, therefore, the pivotal movement of the ankle
prosthesis 100.

Referring also to FIG. 14, in some embodiments, the
ankle prosthesis 100 can comprise a microcontroller 190 that
can control the linear actuators 164, 166. The ankle pros-
thesis 100 can further comprise sensors 192 (e.g., acceler-
ometers) that can provide feedback to the microcontroller.
The microcontroller, 1n cooperation with feedback from the
sensors 192 can automate control of the range of motion of
the prosthesis. In some embodiments, the ankle prosthesis
100 can connect to a remote computing device 300, such as
a smartphone or tablet, through means such as Bluetooth or
other low energy communication transceiver protocol. In
this way, a therapist can electronically adjust the allowable
range of motion 1n the ankle prosthesis 100.

The ankle prosthesis can comprise a range indicator that
indicates the extent to which the ankle prosthesis 100 can
bend from the neutral position 1n a given angular direction,
or the ankle prosthesis’ range of motion. Referring to FIGS.
5 and 8, according to a first embodiment of the range
indicator, the first and second adjustment screws 142, 144
can be adjustable by a hex wrench 202. The hex wrench 202
can have markings 204. When the hex wrench 202 is
inserted nto an adjustment screw (e.g., the first adjustment
screw 142 or the second adjustment screw 144), a portion of
the hex wrench 202 can be covered by the respective
threaded hole 146 into which 1t 1s inserted (and not visible).
The markings 204 that are visible (1.e., the markings that are
not within the threaded hole 146 and covered by the upper
hinge component) can mndicate the maximum angle or angle
range to which the ankle prosthesis can be pivoted (bent).
For example, a visible red band can indicate a range of zero
degrees to five degrees of allowable range of motion, a
visible red and blue band can indicate a range of five degrees
to ten degrees of allowable range of motion, etc.

Referring to FIGS. 5 and 9, 1n a second embodiment of the
range indicator, the upper hinge component 112 can define
a window 206 (e.g., a hole that extends from an outer surface
of the upper hinge component 112 to the threaded holes 146)
along each threaded hole 146 that can show the position of
the adjustment screw within the threaded hole. Depending
on where a back end of the respective adjustment screw lies
within the window 206, the ankle prosthesis’ range of
motion can be determined. In some embodiments, markings
208 proximate the window 206 can indicate the range of
motion for the ankle when the back end 209 of the respective
adjustment screw 1s aligned with each said marking 208.

In a third embodiment of the range indicator, the pitch of
cach adjustment screw can be known so that each turn can
change the range of motion by a known amount. The pitch
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can be selected so that the range of motion changes by a
desired amount for every screw rotation.

Referring to FIG. 10, 1n a fourth embodiment of the
indicator, a pair of metal structures 210 having respective
pointers 212 (one shown) attached thereto are pivotably
attached about the axis 113 to the ankle prosthesis 100. The
metal structures 210 can be coupled or attached to respective
adjustment screws 142, 144. For example, each adjustment
screw 142, 144 can screw 1nto a cap 214, and the cap 214
can, 1n turn, attach via a ball joint 216 to a respective metal
structure 210 to thereby enable rotational movement
between the adjustment screw 142, 144 and the respective
metal structure 210. Instead of the adjustment screws engag-
ing the stop surfaces 150 (FIG. 7), lower surfaces of the
metal structures 210 can engage the respective stop surtaces
150. As each adjustment screw 142, 144 1s positioned, the
respective metal structure 210 and pointer 212 1s accord-
ingly rotationally adjusted. For example, as the second
adjustment screw 144 moves downward, the metal structure
210 can rotate counter-clockwise, thereby indicating a
decreasing plantar tlexion range of motion. Each pointer 212
can point to a marker 220 (e.g., a marker on the upper hinge
portion 112) at a point that can vary based on the position of
the respective adjustment screw.

Referring to FIG. 11, 1n a fifth embodiment of the range
indicator, the adjustment screws (screw 142 shown) can
cach comprise a ball 230 biased radially outward via a spring
232. The ball 230 can be received into one or a plurality of
receptacles along the length of travel of the respective
adjustment screw and oriented perpendicularly to 1ts direc-
tion of travel. For example, 1n one embodiment, the recep-
tacle can comprise a longitudinal groove 234 so that the ball
230 can move nto the groove once per rotation. As the
spring-loaded ball 230 aligns with a given receptacle, the
ball can be received therein to thereby provide an audible
click as well as provide a force that the user can feel.
Movement 1nto and out of receptacles can correspond to
known changes in the position of the adjustment screw and,
thus, the ankle prosthesis’ range of motion.

Referring to FIG. 12, according to a sixth embodiment of
the range indicator, the upper hinge component 112 can
comprise markings 180 that correspond to range of motion
limits (e.g. zero to fifteen degrees in increments of five
degrees). A back end of each adjustment screw 142, 144
(1.e., the end of the screw configured to receive the adjust-
ment wrench), can extend from the respective hole 146 and
align with one of the markings. The marking with which
respective back ends of each adjustment screw 142, 144
align can indicate the range of motion in each respective
rotational direction. For example, 1n the illustrated example
in FIG. 12, the range indicator indicates that the ankle
prosthesis has a range of motion of about two degrees 1n the
dorsitlexion direction and about five degrees 1n the plantar
flexion direction.

Exemplary Aspects

In view of the described products, systems, and methods
and variations thereol, herein below are described certain
more particularly described aspects of the invention. These
particularly recited aspects should not however be inter-
preted to have any limiting effect on any different claims
contaiming different or more general teachings described
herein, or that the “particular” aspects are somehow limited
in some way other than the inherent meanings of the
language literally used therein.

Aspect 1: An ankle prosthesis comprising: a base; an
upper hinge component that 1s pivotably attached to the base
about an axis; a first biasing element that 1s configured to
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bias the upper hinge component 1n a first rotational direction
and toward a neutral position; a second biasing element that
1s configured to bias the upper hinge component 1n a second
rotational direction that 1s opposite the first rotational direc-
tion and toward the neutral position; and a first selectively
extendable and retractable locking element that 1s selectively
extendable to a locking position, wherein the first selectively
extendable locking element extends from one of the base
and the upper hinge component and, when the upper hinge
component 1s 1n the neutral position and the first selectively
extendable and retractable locking element 1s 1n the locking
position, the first selectively extendable and retractable
locking element engages the other of the base and the upper
hinge component.

Aspect 2: The ankle prosthesis of aspect 1, wherein the
first selectively extendable and retractable locking element
1s selectively retractable from the locking position to permait
movement of the upper hinge component in the first rota-
tional direction from the neutral position.

Aspect 3: The ankle prosthesis of aspect 2, further com-
prising a second selectively extendable and retractable lock-
ing clement that 1s selectively extendable to a locking
position, wherein the second selectively extendable locking
clement extends from one of the base and the upper hinge
component and, when the upper hinge component 1s in the
neutral position and the second selectively extendable and
retractable locking element 1s 1n the locking position, the
second selectively extendable and retractable locking ele-
ment engages the other of the base and the upper hinge
component.

Aspect 4: The ankle prosthesis of aspect 3, wherein the
second selectively extendable and retractable locking ele-
ment 1s selectively retractable from the locking position to
permit movement of the upper hinge component in the
second rotational direction from the neutral position.

Aspect 5: The ankle prosthesis of aspect 4, wherein the
upper hinge component defines a first threaded hole and a
second threaded hole, wherein the first selectively extend-
able and retractable locking element comprises a first screw
disposed within the first threaded hole, wherein the second
selectively extendable and retractable locking element com-
prises a second screw disposed in the second threaded hole,
wherein the base defines a first stop surface and a second
stop surface, wherein the first screw 1s configured for
advancement along the threaded hole to engage the first stop
surface after a first select rotational displacement between
the upper hinge component and the base in the first rotational
direction to thereby limit a first range of motion that the
upper hinge component can pivot with respect to the base in
the first rotational direction from the neutral position,
wherein the second screw 1s configured for advancement
along the threaded hole to engage the second stop surface
alter a second select rotational displacement between the
upper hinge component and the base 1n the second rotational
direction to thereby limit a second range of motion that the
upper hinge component can pivot with respect to the base in
the second rotational direction from the neutral position.

Aspect 6: The ankle prosthesis of aspect 4 or aspect 3,
wherein the first and second selectively extendable and
retractable locking eclements are on opposite sides of a
vertical plane that includes the axis.

Aspect 7: The ankle prosthesis of aspect 5 or aspect 6,
further comprising a range indicator that 1s configured to
indicate the first range of motion and the second range of
motion respectively allowed by each of the first and second
selectively extendable and retractable locking elements.
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Aspect 8: The ankle prosthesis of aspect 7, further com-
prising an adjustment wrench, wherein the range indicator
includes markings on the adjustment wrench, wherein the
markings are positioned so that when the adjustment wrench
1s 1nserted 1nto one of the first screw and the second screw,
the markings that are visible on the adjustment wrench
indicate a respective range ol motion allowed by said one of
the first screw and the second screw.

Aspect 9: The ankle prosthesis of aspect 7, wherein the
range indicator comprises a lirst window along the first
threaded hole, wherein the first window 1s configured to
show a position of an end of the first screw, and wherein the
range indicator further comprises markings that indicate the
first range of motion based on a relationship between the
markings and the position of the end of the first screw.

Aspect 10: The ankle prosthesis of aspect 7, wherein the
range 1ndicator comprises a gauge comprising a plurality of
markers on the upper hinge component and an indicator
component that 1s attached to the first screw and pivotable
about the axis, wherein the indicator component further
comprises a pointer that rotates as the first screw moves to
indicate the first range of motion on the gauge.

Aspect 11: The ankle prosthesis of aspect 7, wherein the
range 1ndicator comprises a spring-loaded ball attached to
the first screw, wherein the upper hinge component defines
at least one cavity that 1s sized and positioned to receive the
ball.

Aspect 12: The ankle prosthesis of aspect 7, wherein the
range indicator comprises a first set of markings on the upper
hinge component that are positioned with respect to the first
screw so that a marking of the first set of markings that 1s
aligned with an end of the first screw 1indicates the first range
ol motion.

Aspect 13: The ankle prosthesis of aspect 12, wherein the
range indicator further comprises a second set of markings
on the upper hinge component that are positioned with
respect to the second screw so that a marking of the second
set of markings that 1s aligned with an end of the second
screw 1ndicates the second range of motion.

Aspect 14: The ankle prosthesis of any one of aspects
1-13, wherein the base comprises: a footplate; and a lower
hinge component non-rotatably attached to the footplate.

Aspect 15: The ankle prosthesis of any one of aspects
5-14, wherein the first screw and the second screw are set
SCIEWS.

Aspect 16: The ankle prosthesis of any one of aspects
2-14, wherein the first selectively extendable and retractable
locking element 1s selectively retractable from the locking
position to permit at least fifteen degrees of rotational
movement of the upper hinge component 1n the first direc-
tion from the neutral position.

Aspect 17: The ankle prosthesis of any one of aspects
2-14 and 16, wherein the first selectively extendable and
retractable locking element 1s selectively retractable to a
tully open position 1n which the first selectively extendable
and retractable locking element 1s fully retracted within the
upper hinge component, and wherein a range of motion of
the upper hinge component 1n the first rotational direction 1s
limited by engagement between the upper hinge component
and the base.

Aspect 18: The ankle prosthesis of any one of aspects
4-17, wherein the first selectively extendable and retractable
locking element comprises a first platform that 1s pivotable
about the axis and a first linear actuator coupled to, and
positioned between, the base and the first platform, wherein
the second selectively extendable and retractable locking
clement comprises a second platform that 1s pivotable about
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the axis and a second linear actuator coupled to, and
positioned between, the base and the second platiorm,
wherein the upper hinge component defines first and second
stop surfaces that are positioned to engage the first and
second platforms, respectively, wherein the first actuator 1s
configured to rotationally position the first platform with
respect to the first stop surface to limit movement of the
upper hinge component 1n the first direction, and wherein the
second actuator 1s configured to rotationally position the
second platform with respect to the second stop surface to
limit movement of the upper hinge component in the second
rotational direction.

Aspect 19: A method of using an ankle prosthesis of any
one of aspects 1-18.

Aspect 20: The method of aspect 19, wherein the method
comprises: retracting the first selectively extendable and
retractable locking element to disengage said other of the
base and the upper hinge component; selectively rotating the
upper hinge component in the first rotational direction; and
advancing the first selectively extendable and retractable
locking element to engage said other of the base and the
upper hinge component to lock the upper hinge component
in a desired rotational orientation.

Aspect 21: The method of aspect 19, wherein the method
comprises: retracting the first and second selectively extend-
able and retractable locking element to disengage said other
of the base and the upper hinge component; selectively
rotating the upper hinge component 1in one or more of the
first and second rotational directions; and advancing the first
and second selectively extendable and retractable locking
clement to engage said other of the base and the upper hinge
component to lock the upper hinge component 1n a desired
rotational orientation.

Although the foregoing invention has been described 1n
some detail by way of illustration and example for purposes
of clarity of understanding, certain changes and modifica-
tions may be practiced within the scope of the appended
claims.

What 1s claimed 1s:

1. An ankle prosthesis comprising:

a base;

an upper hinge component that 1s pivotably attached to the
base about an axis;

a 1irst biasing element that 1s configured to bias the upper
hinge component 1 a first rotational direction and
toward a neutral position;

a second biasing element that 1s configured to bias the
upper hinge component 1n a second rotational direction
that 1s opposite the first rotational direction and toward
the neutral position; and

a first selectively extendable and retractable locking ele-
ment that 1s selectively extendable to a locking posi-
tion, wherein the first selectively extendable and
retractable locking element extends from one of the
base and the upper hinge component and, when the
upper hinge component 1s 1n the neutral position and
the first selectively extendable and retractable locking
clement 1s 1n the locking position, the first selectively
extendable and retractable locking element engages the
other of the base and the upper hinge component.

2. The ankle prosthesis of claim 1, wherein the first
selectively extendable and retractable locking element 1s
selectively retractable from the locking position to permit
movement of the upper hinge component in the first rota-
tional direction from the neutral position.

3. The ankle prosthesis of claim 2, further comprising a
second selectively extendable and retractable locking ele-
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ment that 1s selectively extendable to a locking position,
wherein the second selectively extendable and retractable
locking element extends from one of the base and the upper
hinge component and, when the upper hinge component 1s
in the neutral position and the second selectively extendable
and retractable locking element 1s 1n the locking position, the
second selectively extendable and retractable locking ele-
ment engages the other of the base and the upper hinge
component.

4. The ankle prosthesis of claim 3, wherein the second
selectively extendable and retractable locking element 1s
selectively retractable from the locking position to permait
movement ol the upper hinge component in the second
rotational direction from the neutral position.

5. The ankle prosthesis of claim 4, wherein the upper
hinge component defines a first threaded hole and a second
threaded hole, wherein the first selectively extendable and
retractable locking element comprises a first screw disposed
within the first threaded hole, wherein the second selectively
extendable and retractable locking element comprises a
second screw disposed 1n the second threaded hole, wherein
the base defines a first stop surface and a second stop
surface, wherein the first screw 1s configured for advance-
ment along the threaded hole to engage the first stop surface
alter a first select rotational displacement between the upper
hinge component and the base 1n the first rotational direction
to thereby limit a first range of motion that the upper hinge
component can pivot with respect to the base 1n the first
rotational direction from the neutral position, wherein the
second screw 1s configured for advancement along the
threaded hole to engage the second stop surface after a
second select rotational displacement between the upper
hinge component and the base in the second rotational
direction to thereby limit a second range of motion that the
upper hinge component can pivot with respect to the base in
the second rotational direction from the neutral position.

6. The ankle prosthesis of claim 4, wherein the first and
second selectively extendable and retractable locking ele-
ments are on opposite sides of a vertical plane that includes
the axis.

7. The ankle prosthesis of claim 5, further comprising a
range indicator that 1s configured to indicate the first range
of motion and the second range of motion respectively
allowed by each of the first and second selectively extend-
able and retractable locking elements.

8. The ankle prosthesis of claim 7, turther comprising an
adjustment wrench, wherein the range indicator includes
markings on the adjustment wrench, wherein the markings
are positioned so that when the adjustment wrench 1is
inserted into one of the first screw and the second screw, the
markings that are visible on the adjustment wrench indicate
a respective range ol motion allowed by said one of the first
screw and the second screw.

9. The ankle prosthesis of claim 7, wherein the range
indicator comprises a first window along the first threaded
hole, wherein the first window 1s configured to show a
position of an end of the first screw, and wherein the range
indicator further comprises markings that indicate the first
range of motion based on a relationship between the mark-
ings and the position of the end of the first screw.

10. The ankle prosthesis of claim 7, wherein the range
indicator comprises a gauge comprising a plurality of mark-
ers on the upper hinge component and an indicator compo-

10

15

20

25

30

35

40

45

50

55

60

12

nent that 1s attached to the first screw and pi1votable about the
axis, wherein the indicator component further comprises a
pointer that rotates as the first screw moves to indicate the
first range ol motion on the gauge.

11. The ankle prosthesis of claim 7, wherein the range
indicator comprises a spring-loaded ball attached to the first
screw, wherein the upper hinge component defines at least
one cavity that 1s sized and positioned to receive the ball.

12. The ankle prosthesis of claim 7, wherein the range
indicator comprises a first set of markings on the upper hinge
component that are positioned with respect to the first screw
so that a marking of the first set of markings that 1s aligned
with an end of the first screw indicates the first range of
motion.

13. The ankle prosthesis of claim 12, wherein the range
indicator further comprises a second set of markings on the
upper hinge component that are positioned with respect to
the second screw so that a marking of the second set of
markings that 1s aligned with an end of the second screw
indicates the second range of motion.

14. The ankle prosthesis of claim 1, wherein the base
COmMprises:

a footplate; and

a lower hinge component non-rotatably attached to the

footplate.

15. The ankle prosthesis of claim 5, wherein the first
screw and the second screw are set screws.

16. The ankle prosthesis of claim 2, wherein the first
selectively extendable and retractable locking element 1s
selectively retractable from the locking position to permit at
least fifteen degrees of rotational movement of the upper
hinge component 1n the first direction from the neutral
position.

17. The ankle prosthesis of claam 2, wherein the first
selectively extendable and retractable locking element 1s
selectively retractable to a fully open position 1n which the
first selectively extendable and retractable locking element
1s fully retracted within the upper hinge component, and
wherein a range of motion of the upper hinge component in
the first rotational direction 1s limited by engagement
between the upper hinge component and the base.

18. The ankle prosthesis of claim 4, wherein the first
selectively extendable and retractable locking element com-
prises a first platform that 1s pivotable about the axis and a
first linear actuator coupled to, and positioned between, the
base and the first platform,

wherein the second selectively extendable and retractable

locking element comprises a second platform that is
pivotable about the axis and a second linear actuator
coupled to, and positioned between, the base and the
second platform,

wherein the upper hinge component defines first and

second stop surfaces that are positioned to engage the
first and second platforms, respectively,

wherein the first actuator 1s configured to rotationally

position the first platform with respect to the first stop
surface to limit movement of the upper hinge compo-
nent 1n the first direction, and

wherein the second actuator 1s configured to rotationally

position the second platform with respect to the second
stop surface to limit movement of the upper hinge
component 1n the second rotational direction.
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